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BACKGROUND OF THE INVENTION 

1 . Field of Invention 

This invention relates to pharmaceutical 
compositions and methods for treating alopecia and 
promoting hair growth using low molecular weight, 
small molecule heterocyclic esters or amides. 

2 . Description of Related Art 

Hair loss occurs in a variety of situations. 
These situations include male pattern alopecia, 
alopecia senilis , alopecia areata, diseases 
accompanied by basic skin lesions or tumors, and 
systematic disorders s'cch as nutritional disorders end 
internal secretion disorders. The mechanisms causing 
hair loss are verv complicated , but in some instances 
can be attributed to aging, genetic disposition, the 
activation of male hormones, the loss of blood supply 
to hair follicles, and scalp abnormalities. 

The immunosuppressant drugs FK506, rapamycin and 
cyclosporin are well known as potent T-ceil specific 



immunosuppressants/ and are effective against graft 
rejection after organ transplantation. It has been 
reported that topical, but not oral, application of 
FKS0 6 (Yarriamcto et al . , J. Invest. Dermatol., 1934, 
102 f ISO -154; Jiang et al., J. Invest. Dermatol. 1995, 
104, 523 -525) and cyclosporin (Iwabuchi et al . , J . 
Dermatol. Sci . 1995, 9, 64-69) stimulates hair growth 
in a dose -dependent manner. One form of hair loss, 
alopecia areata, is known to be associated with 
autoimmune activities; hence, topically administered 
immunomodulatory compounds are expected to demonstrate 
efficacy for treating that type of hair loss. The 
hair growth stimulating effects of FK506 have been the 
subject of an international patent filing covering 
FK5Q6 and structures related thereto for hair growth 
stimulation (Kcnho et al . , EP 0 423 714 A2) . Konbo et 
al . discloses the use of relatively large tricyclic 
compounds, known for their immunosuppressive effects, 
as hair revitalizing agents. 

The hair growth and revi talizat ion effects of 
FX5 0 6 and related agents are disclosed ;.n many " £ 
patents (Goulec et al . , U.S. Patent No. 5,258,389; 
Luly et al., U.S. Patent No. 5,457,111; Goulet et al . , 
U.S. Patent No. 5,532,248; Goulet et al . , U.S. Patent 
No. 5,189,042; and Ok et al . , U.S. Patent No. 
5,203,241; Rupprecht et al . , U.S. Patent No. 
5,284,840; Organ et al . , U.S. Patent No. 5,284,377). 
These patents claim FK506 related compounds. Although 
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they do not: claim methods of hair revitalization, they 
disclose the known use of FKSGS for effecting hair 
growth. Similar to FK5 0 6 (and the claimed variations 
in the Honbo et al . patent) , the compounds claimed in 
5 these patents are relatively large. Further, the 

cited patencs relate to immunomodulatory compounds for 
use in autoimmune related diseases, for which FKSOG's 
efficacy is well known. 

Other U.S. patents disclose the use of 

10 cyclosporin and related compounds for hair 

revitalization (Hauer et al . , U.S. Patent No. 
5,342,625; Eberle, U.S. Patent Mo. 5,284,526; Hewitt 
et al., U.S. Patent No. 4,396,193). These parents 
also relate to compounds useful for treating 

15 autoimmune diseases and cite the known use of 

cyclosporin and related immunosuppressive compounds 
for hair growth. 

However, immunosuppressive compounds by 

definition suppress the immune system and alco exhibit 

20 other toxic side effects. Accordingly, there is a 

need for ncn- immune suncressanc , smi* — mciecu_E 
compounds which are useful as hair revitalizing 
compounds . 

Hamilton and Steiner disclose in U.S. Patent No. 
25 5,614,547 novel pyrrolidine carboxyiate compounds 

which bind to the immunophilin FK3P12 and stimulate 
nerve growth, but which lack immunosuppressive 
effects. Unexpectedly, it has been discovered that 
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these nan - immunosuppressant compounds promote hair 
growth with an efficacy similar to FK5G6. Yet their 
novel small molecule structure and non- 
i mmuno suppr e s s i ve properties differentiate them from 
5 FK5 0 6 and related immunosuppressive compounds found in 

the prior art . 

SUMMARY OF THE INVENTION 
The present invention relates to a method for 
10 treating alopecia or promoting hair growth in an 

animal, which comprises a dmini scaring to said animal 
an effective amounc of a heterocyclic eszer or amide. 

The present invention further relates to a 
pharmaceutical ccmposicion which comprises: 
15 (i) an effective amount of a heterocyclic ester 

or amide for treating alopecia or promoting hair 
growth in an animal; and 

(ii) a pharmaceutical ly acceptable carrier. 
The heterocyclic escexs and cunj.des used in the 
20 inventive mechods and pharmaceutical compositions have 

an =:::r.i:v for FX3 ? - c vce immune ch^L ins and dc ::c: 
exert any significant immunosuppressive activity. 

BRIEF DESCRIPTION OF THE DRAWINGS 
25 FIG. 1 is a phonograph of C57 Black G mice before 

being shaved for che hair regeaaraci.cn experiment. 

FIG. 2 is a phonograph of mice treated with a 
vehicle after six weeks. FIG. 2 shows that less than 



3% of the shaved area is covered with new hair growth 
when the vehicle (control) is administered. 

FIG. 3 is a photograph of mice treated with 10 /iM 
of GPI 1045/ a related non- immunosuppressive neuro- 
immunophilin FKBP ligand, after six weeks. FIG. 3 
shows the remarkable effects of neuroimmunophilin FK3P 
ligands, wherein 90% of the shaved area is covered 
with new hair growth. 

FIG. 4 is a photograph of mice treated with 3 0 juM 
of GPI 1046, a related non- immunosuppressive neuro- 
immunophilin FKBP ligand/ after six weeks. FIG. 4 
shows the remarkable ability of neuroimmunophilin FX3P 
ligands to achieve, essentially/ complete hair 
recrowth in the shaved area. 

FIG. 5 is a bar graph depicting the relative hair 
growth indices for G57 Black 6 mice treated with a 
vehicle, FK5QS, and various non- immunosuppressive 
neuroimmunophilin FKBP ligands , including GPI 1572/ 14 
days after treatment .with each i^entif ie^ compound. 
Figure 5 demonstrates the remarkable early hair growth 
promoted by a wide variety of non- immune sup cress; ve 
neuro-mmunoptiilxn FKBP ligands . 

DETAILED DESCRIPTION OF THE INVENT I OK 
Definitions 

"Alopecia" refers to deficient hair growth and 
partial or complete loss of hair, including without 
limitation androgenic alooecia (male pattern 



baldness), toxic alopecia, alopecia senilis, alopecia 
areata, alopecia pelada and trichotillomania. 
Alopecia results when the pilar cycle is disturbed. 
The most frequent phenomenon is a shortening of the 
hair growth or anagen phase due to cessation of cell 
proliferation. This results in an early onset of the 
catagen phase, and consequently a large number of 
hairs in the telogen phase during which the follicles 
are detached from the dermal papillae, and the hairs 
fall out. Alopecia has a number of etiologies, 
including generic faccors, aging, local and systemic 
diseases, febrile conditions , mental scresses, 
hormonal problems, and secondary effaces of drugs. 
"G?I 1605" refers to a compound of formula 




tT G?I 10 4 6" refers tc 3 - ( 2 -cvridyi ■ - I -propyl (2s'- 
1 - ( 3 , 3 -dimethyl -1,2-diOxopencyi) - 2 -pyrrolidine- 
carboxyiate, a compound of formula 
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GPI 1312" refers to a compound of formula 




GPI 1339 u refers to a compound of formula 




GPI 1389 

GPI 1511" refers ~o a compound of formula 




GPI 1511 
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"GPI 1234 " refers to a compound of formula 

"Isomers" refer to different compounds that have 
the same molecular formula, "Stereoisomers" are 
isomers than differ only in the way the acorns are 
arranged in space. " Enanciomers " are a pair of 
stereoisomers that are non- super impo sable mirror 
images of each other. "Diastereoisomers " are 

stereoisomers which are noc mirror images of each 
other . "Racemic mixture 11 means a mixture containing 
equal pares of individual enantiomers. "Non-racemic 
mixture" is a mixture containing unequal parts of 
individual enantiomers or stereoisomers. 

"Pharmaceutical!-/- cccept^bie salt; ester, or 
solvate" refers to a salt, ester, or solvate of a 
subject compound which possesses the desired 
pharmacological activity and which is neither 
biologically nor otherwise undesirable. A salt, 
ester, or solvate can be formed with inorganic acids 
such as acetate, adipate, alginate, aspartate, 
bencoate , benzenesulf onate , bisulfate, butyrate, 
citrate, camph orate, camp horsulfon ate, 

eveiopentaneorocionate , digluccnate, dodecylsulf ate , 




ethanesulf onate , fumarate, giucohepcanoate , gluconate, 
glycerophosphate , hemisulf ate , heptanoace , hexanoate , 
hydrochloride, hydrobromide, hydro iodide, 2- 
hydroxye thanes ui fonate , lactate, maleate , 
me thane sulfonate , naphthylate, 2 -naphchalenesulf onate , 
nicotinate , oxalate, sulfate, thiocyanace, tosylate 
and undecanoate. Examples of base salts, esters, or 
solvates include ammonium salts; alkali metal salts, 
such as sodium and potassium salts; alkaline earth 
metal sales, such as calcium and magnesium salts; 
sales with organic bases, such as dicyclohexylamine 
salts; N- methyl -D-glucamine ; and salts with amino 
acids, such as arginine, lysine, and so forth. Also, 
the basic nitrogen- containing groups can be 
quarternized wich such agents as lower aikyi halides, 
such as mechyl, echyl, propyl, and butyl chlorides, 
bromides, and iodides; dialkyl sulfaces, such as 
dimethyl, diethyl, dibutyi, and diamyl sulfaces; long 
chs i n - Hal ides , such a ~ de^' r i, 1 auryi , myrisryl, and 
stearyl chlorides, bromides, and iodides; aralkyl 
"■alice? such as benzyl and phenechyl bromides, ar d 
others . Water or cil-soluble or dispersible produces 
are thereby obtained. 



"Pilar cycle" refers to the life cycle of hair 
follicles, and includes three phases ; 

(1) the anagen phase, the period of active hair 
growth which, insofar as scalp hair is 
concerned, lasts about three to five years ; 

(2) the catagen phase, the period when growth 
stops and the follicle atrophies which, 
insofar as scalp hair is concerned, lasts 
about one to two weeks / and 

(3) the telogen phase, the rest period when hair 
progressively separates and finally falls 
cut which, insofar as scalp hair is 
concerned, lasts about three to four months. 

Normally 30 to SO percent of the follicles are in the 
anagen phase, less than 1 percent being in the catagen 
phase, and the rest being in the telogen phase. In 
the telogen phase, hair is uniform in diameter with a 
slightly bulbous, non-pigmented root. By contrast , in 
the anagen phase, hair has a large colored bulb at its 
root . 

"Promoting hair growth" refers to maintaining, 
inducing, stimulating, accelerating, or revitalizing 
the germination of hair. 

"Treating alopecia" refers to: 

(i) preventing alopecia in an animal which may be 
predisposed to alopecia; and/or 
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(iii) promoting hair growth; and/or 

(iv) prolonging the an a gen phase of the hair 
cycle; and/ or 

(v) converting vellus hair to growth as terminal 
5 hair. Terminal hair is coarse, pigmented, long hair 

in which the bulb of the hair follicle is seated deep 
in the dermis. Vellus hair, on the other hand, is 
fine, thin, non-pigmented shore hair in which the hair 
bulb is located superficially in the dermis. As 
10 alopecia progresses, the hairs change from the 

terminal to the vellus type. 

Methods of the Present Invention 

The present invention rs laces to a method for 
15 creating alopecia or promoting hair growth in an 

animal, which comprises administering to said animal 
an effective amount of a heterocyclic escer or amide. 

The inventive method is particularly useful for 
treating male paccern alopecia, alopecia senilis, 
20 " alopecia areata, alopecia resulting from skin lesions 
or tumors , alopecia resulting from cancer therapy such 
as chemotherapy and radiation, and alopecia resulting 
from systematic disorders such as nutritional 
disorders and internal secretion disorders. 



25 



Pharmaceutical Com^sition s of the Present Invention 

The present invention also relates to a pharma- 
ceutical composition comprising: 
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(i) an effective amount of a heterocyclic ester 
or amide for treating alopecia or promoting 
hair growth in an animal; and 

(ii) a pharmaceuticaily acceptable carrier. 

5 

HETEROCYCLIC SSTSKS AND AMIDES 

The heterocyclic esters and amides used in the 
methods and pharmaceutical compositions of the present 
invention are low molecular weight, small molecule 

10 compounds having an affinity for an FK3P- type 

immunophiiin , such as FKBP12 . When a he terocycl ic 
ester or amide binds to an FKBP-type immunophiiin, it 
has been found to inhibit the prolyl -peptidyi cis- 
zrans isomerase, or rotamase , activity of the binding 

15 protein. Unexpectedly , the compounds have also been 

found cc stimulate hair growth. The compounds are 
devoid of any significant immunosuppressive activity. 
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FORMULA I 

The heterocyclic ester or amide niay be a 
ccmoound of formula I 
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or a pharmaceutical ly acceptable salt/ ester, or 
solvate thereof , wherein: 

A and B, together with the nitrogen and carbon 
atoms to which they are respectively attached, form a 
5 5-7 membered saturated or unsaturated heterocyclic 

ring containing, in addition to the nitrogen atom, one 
or more additional 0, 5, SO, S0 2f N, MK or NR X 
heteroatom (s) ; 

X is 0 or S; 
10 Z is 0, NK or NR, ; 

W and Y are independently 0, S, CH 2 or H 2 ; 
R 1 is C : -C s straight or branched chain alkyl or C 2 - 
C 6 straight or branched chain alkenyi, which is 
substituted with one or more substituent (s) 
15 ir/isce r,d e r. 1 1 y selected from the group consisting of 

(Ar-) r , C -C, straight or branched chain alkyl cr C 2 ~C 5 
straight or branched chain alkenyi substituted with 
(ArJ, f C3-C3 cycloalkyi, C-C* straight or branched 
chain alkyl or C 2 -C 6 straight or branched chain alkenyi 
20 substituted with C 3 -C 3 cycloalkyi, and Ar 2 ; 

n is 1 or 2; 

R, -s either C-C 9 straight or orancned chain 
alkyl, C 2 -C 5 straight or branched chain or alkenyi, C,- 
C 3 cycloalkyi, C s -C 7 cyclcalkenyl , or Ar : , wherein said 
2 5 alkyl, alkenyi, cycloalkyi or cycioaikenyi is either 

unsubstituted or substituted with one or more 
substituent (s) independently selected from the group 
consisting of 0-C 4 straight cr branched chain alkyl, 



C 2 -C- straight or branched chain alkenyi , and hydroxyl; 
and 

Ar L and Ar 2 are independently an aiicyclic or 
aromatic, mono-, bi- or tricyclic, carbo- or 
heterocyclic ring, wherein the ring is either 
unsubst ituted or substituted with one or more 
substituenc (s) independently selected from the group 
consisting of halo, hydroxyl, nitro , trif luoromethyl , 
C : -C 5 straight or branched chain alkyl, C 2 -C 6 straight 
or branched chain alkenyi, C.-C alkoxy, C 2 -C 4 
aiker.yloxy, phenoxy, benzyloxy, and amino; wherein the 
individual ring size is 5-6 members; and wherein che 
heterocyclic ring contains 1-6 he teroatom ( s ) 
independently selected from the group consisting of 0, 
>7 , and S . 

Suitable carbo- and heterocyclic rings include 
wichout limitation naphthyl, indolyl, f uryl , 
thiazolyl, thienyl, pyridyi, quinolinyl, 

isoquinolinyl , fiuorenyl and phenyl, 

FORMULA II 

Add;., icnaily, the hecerccyclic ester or amide may 
be a compound of formula II 



B C 



or a pharmaceutically acceptable salt, ester, or 
solvate thereof/ wherein: 

A, B and C are independently CH 2 , 0, S, SO, SC 2 , 
NH or NR L ; 

R. 1 is C-C s straight or branched chain alkyl or C 2 - 
C s straight or branched chain alkenyl, which is 
substituted with one or mere substituent (s) 
independently selected from the group consisting of 
(ArO n and C L -C S straight or branched chain alkyl or C 2 - 
C 5 straight or branched chain alkenyl substituted with 
(Ar,) n ; 

n is 1 or 2; 

R 2 is either C-C 9 straight or branched chain 
alkyl, C 2 -C 9 straight or branched chain alkenyl, C 3 -C g 
cyclcalkyl , C s -C- cyclcalkenyl , cr Ar L ; and 

Ar ; is an alicyclic cr aromatic, mono-, bi- or 
tricyclic, carbo - cr heterocyclic ring, wherein the 
ring is either unsubst ituted or substituted with one 
or more substituent ( s ) independently selected from the 
group consisting of halo, hydroxy! , nitro, 
t ^ f iuoromethvl , C, -C* straight or branched chain 
alkyl, C,-C s straight cz branched chain alkenyl, C-Ca 
aikoxy, C 2 ~C 4 alkenyloxy , phenoxy, benzyloxy, and 
amino; wherein the individual ring size is 5-6 
members; and wherein the heterocyclic ring contains 1- 
6 heteroatom (s) independently selected from the group 
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In a preferred embodiment of the compounds of 
formula II, the heterocyclic ester or amide is the 
compound G?I 1572, of the formula 



GPI 1572 



In a particularly preferred embodiment of formula 
10 II compounds: 

A is CH 2 ; 
B is CK 2 or S ; 
C is CH 2 or NH; 

R, is selected from the group consiscing of 3- 
15 phenyipropyi and 3 - ( 3 -pyridyl ) propyl ; and 

R, is selected from the group consisting of 1,1- 
dimethylpropyl , cyclohexyl, and cerc-bucyl . 

Specific examples of this embodiment are 
presented in TABLE I . 



A 



B 



TABLE I 



C 



Ri 
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1 


CH, 


S 


CH, 


3-phenylpropyI 


1 , 1 -dimethy lpropy 1 




2 


CH 2 


S 


CH, 


3-(3-pyridyl)propyl 


1 , 1 -dimethy lpropy 1 






CH, 


S 


CH, 


3-phenylpropyl 


cyclohexyl 




4 


CH 2 


S 


CH, 


3-phenyIpropyl 


rerr-buryl 




5 


CH, 


CH, 


NH 


3 -phenyipropyi 


1.1 -dimethy lpropy 1 


30 


6 


CH; 


CH, 


NH 


3-phenylpropyl 


cyclohexyl 




7 


CH, 


CH, 


NH 


3-phenylpropyl 


rerr-buryl 



FORMULA TTT 

The heterocyclic ester or amide may also be 
compound of formula III 




or a pharmaceutical!^/ acceptable salt, ester, or 
solvate thereof, wherein: 

A, E, C and D are independently CH 2/ 0, S, SO, 
S0 2 , NH or NR L ; 

- s c :~ c s straight cr branched chain aikyl or C 2 - 
C 6 straight or branched chain alkenyl, which is 
substituted wich one or more subst i tuent ( s ) 
independently selected from the group consisting of 
(ArJ n and C,-C s straight or branched chain alkyl or C 2 - 
C s straight or branched chain alkenyl substituted wich 
(Ar : 

n is 1 or 2 

R 2 is either C-Co straight or branched chain 
alkyl, C 2 -C ? scraighc or branched chain alkenyl, C 3 -C g 
cycloalkyl, C s -C 7 cycloalkenyl , or Ar.; and 

Ar, is an alicyciic or aromatic, mono-, bi- or 
tricyclic, carbc- or he t erocvc lie ring, wherein the 
ring is either unsubst ituted or substituted with one 



IS 

or more substituent (s) independently selected from the 
group consisting of halo, hydroxy! , nitro, 
trif luoromethyl, C x -C s straight or branched chain 
alkyl , C 2 -C s straight or branched chain alkenyl, C^-C^ 
alkoxy, C 2 -C 4 alkenyloxy, phenoxy, benzyloxy, and 
amino; wherein the individual ring size is 5-6 
members; and wherein the heterocyclic ring contains 1- 
6 heteroacom (s) independently selected from the group 
consisting of 0, N, and S. 

In a particularly preferred embodiment of formula 
III compounds: 

A is CH 2 ; 

B is CH 2 ; 

C is S, 0 or NH; 

D is CH 2 ; 

R, is selected from the group consisting of 3- 
phenylpropyl and ( 3 , 4 , 5 - trimethoxy) phenylpropyi ; and 

R 2 is selected from the group consisting of 1,1- 
dimethyipropyi , cyclohexyl, tart-butyl, phenyl, and 
3,4, 5- trimethoxyphenyi . 

Specific examples of this embodiment are 
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TABLE TT 



No. A 


B 


C D 




R, 

2 


8 CH 2 


CH, 


S CH, 


3-phenylpropyl 


l^Kiirrxtt^iprcpyl 


9 CH, 


CH, 


0 CH, 


3-phenylpropyl 


14<liraeiiiy}prqjyl 


10 CH, 


CH, 


S CH, 


3-phenylpropyl 


cyclohexyl 


11 CH, 


CH 2 


O CH, 


3-phenylpropyl 


cyclohexyl 


12 CH, 


CH, 


S CH 2 


3-phenyipropyl 


phenyl 


13 CH, 


CH 2 


0 CH, 


3-phenylpropyl 


phenyl 


14 CH, 


CH, 


NH CH, 


3-phenylpropyl 


1,1-dimethylprupyI 


15 CH, 


CH, 


NH CH, 


3-phenylpropyl 


phenyl 



FORMULA IV 

The heterocyclic ester or amide may also be a 
compound of formula IV 



B 




IV 



R 2 



zy a F^rrr.aceucically acceptable sale, ester, or 
solvate thereof , wherein: 
V is C, 1ST, or S; 

A and 3, taken together with V and the carbon 
atom to which they are respectively attached, form a 
5-7 membered saturated or unsaturated heterocyclic 
ring containing, in addition to V, one or more 
heteroatom(s) independently selected from the group 



cons is cine of 0, S, SO, S0 2/ N, NH, and NR; 

R is either C-C 9 straighc or branched chain 
alkyl, C 2 -C 9 straight or branched chain alkenyi , C 3 -C g 
cycloakyl, C 3 -C 7 cycloaikenyl , or Ar 3 , wherein R is 
either unsubstituted or substituted with one or more 
substituent (s) independently selected from the group 
consisting of halo, haloalkyi , carbonyl, carboxy, 
hydroxy, nicro, trif luoromechyi , C : -C 6 straight or 
branched chain alkyi , C 2 -C s straight, or branched chain 
alkenyi, C : -G 4 aikoxy, C 2 -C 4 alkenyloxy, phenoxy, 
benzylcxy, thioalkyl, aikylthio, sulfhydryl, amino, 
alkylamino, aminoalkyl, aminocarboxyl, and Ar, ; 

Ar 3 and Ar 4 are independently an alicyclic or 
aromatic, mono-, bi- or tricyclic, carbo- or 
heterocyclic ring; wherein the individual ring size is 
5-8 members; wherein said heterocyclic ring contains 
1-6 hetercatom (s) independently selecced from the 
group consisting of 0, M, and S; and 

R lt R 2 , W, X, Y , and Z are as defined in Formula 
I above . 



All the compounds of Formulas I -IV possess 
asymmecric centers and thus can be produced as 
mixtures of stereo isomers or as individual R~ and S- 
stereoisomers . The individual stereoisomers may be 
obtained by using an optically active starting 
material, by resolving a racemic or non-racemic 
mixture of an intermediate at some appropriate stage 
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of the synthesis, or by resolving the compounds of 
Formulas I -IV. It is understood that the compounds of 
Formulas I -IV encompass individual stereoisomers as 
well as mixtures (racemic and non-racemic) of 
5 stereoisomers . Preferably, S- stereoisomers are used 

in the pharmeceutical compositions and methods of the 
present invention . 

Affinity for FKBP12 

10 The compounds used in the inventive methods and 

pharmaceutical compositions have an affinity for the 
FK5 0 6 binding protein, particularly FKBP12 . The 
inhibition of the prolyl peptidyl cis- trans isomerase 
activity cf FKSP may be measured as an indicator of 

15 this affinity. 

K L Test Procedure 
Inhibition of the peptidyl -prolyl isomerase 
(rotamase) activity of the compounds used in the 
2 0 inventive methods and pharmaceutical compositions can 

be evaluated by known methods described in the 
literature (Harding et al . , Mature, 1539, 341:758 -760 ; 
Holt et al. J. Am. Chem. Sac, 115:9923 -993 8). These 
values are obtained as apparent K : 's and are presented 
25 for representative compounds in TABLE III. 

The cis -trans isomerization of an alanine-proline 
bond in a model substrate, N-succinyl -Ala-AIa-?ro-?he- 
n-nitroanilide, is monitored spec t rophotome tr ically tn 



a chymotryps in -coupled assay, which releases para- 
nitrcaniiide from the trans form of nhe substrate. 
The inhibition of this reaction caused by the addition 
of different concentrations of inhibitor is 
determined/ and the data is analyzed as a change in 
first: -order rate constant as a function of inhibitor 
concentration no yield the apparent: K L values. 

In a plastic cuvette are added 350 mL of ice cold 
assay buffer (25 mM HEPES, pH 7.3, 100 mM NaCi) , 10 mL 
of FKBP (2.5 mM in 10 mM Tris-Cl pH 7.5, 10 0 mM NaCl , 
1 mM dithiothreitol ) , 25 mL of chymo trypsin (50 mg/ml 
in l mM KC1) and 10 mL of test compound at various 
concentrations in dimethyl sulfoxide. The reaction is 
initiated by the addition of 5 mL of substrate 
( s uc c i ny 1 - Al a - ? h e - ? r o - ? he - para - n i c r o an i 1 i de , 5 mg / mL 
in 2.35 mM LiCl in trif luoroethanol ) . 

The absorbance at 3 90 nm versus time is monitored 
for 9 0 seconds using a spectrophotometer and the rate 
constants are determined from the absorbance versus 
time data files . 



TABLE III 

In Vitro Test Results - Formulas I to IV 
Compound K- (n.M) 

1 215 

2 638 
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Route of Administration 

To effectively treat alopecia or promote hair 
growth, the compounds used in the inventive methods 
and pharmaceutical compositions muse readily affect 
5 the targeted areas. For these purposes, the compounds 

are preferably administered topically to the skin. 

For topical application to the skin, the 
compounds can be formulated into suitable ointments 
containing the compounds suspended or dissolved in, 
O 10 for example, mixtures with one or more of the 

\t} following: mineral oil, liquid petrolatum, white 

hft petrolatum, propylene glycol, polyoxyethyiene 

|v; poiyoxypropylene compound, emulsifying wax and water. 

Alternatively, the compounds can be formulaced into 
jSl5 suitable lecions or creams containing the active 

compound suspended or dissolved in, for example, a 
mixture of one or more of the following: mineral oil, 
sorbitan mcnoscearate , polysorbate 60, cetyi ester 
wax, cetearyi alcohol, 2 -octyldodecanol , benzyl 
2 0 alcohol and water. 

Other routes of administration knewr. in ~: ~ 
pharmaceutical arc are also contemplated by thio 
invention . 



Dosage 

Dosage levels on the order of about 0.1 mg to 
about 10,000 mg of the active ingredient corn-pound are 
useful in the treatment of the above conditions, with 



preferred levels of about 0.1 mg to about 1,000 mg . 
The specific dose level for any particular patient 
will vary depending upon a variety of factors, 
including the activity of the specific compound 
employed; the age, body weight, general health, sex 
and diet of the patient; the time of administration; 
the rate of excretion; drug combination; the severity 
of the particular disease being treated; and the form 
of administration. Typically, in vitro dosage-effect: 
results provide useful guidance on the proper doses 
for patient administration. Studies in animal models 
are also helpful. The considerations for determining 
the proper dose levels are well known in the art. 

The compounds can be adminiscered with other hair 
revitalizing agencs . Specif ic dose levels for the 
other hair revitalizing agencs will depend upon the 
factors previously stated and the effectiveness of the 
drug combinacion . 

EXAMPLES 

The follcwlnc examoles are il lustra" ivs of the 
present invention and are not incended to be 
limitations thereon. Unless otherwise indicated, all 
percentages are based upon 100% by weight of the final 
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Exam-pie 1 

Synthesis of 3 "-phenyl - 1 -propyl (25) -1- (3,3 -dimethyl - 
1 , 2 -dioxoTDentyl) -2 - (4 - thiazolidine) carboxylate (1) 
1 - (1,2 -dioxo - 2 -methoxvechvl ) 2- (4-thiazolidine) - 
5 carboxylase 

A solution of L-thioproline (1.51 g; 11.34 
mmoDin 40 mL of dry methylene chloride was cooled to 
0°C and treated wich 3.3 mL (2.41 g; 23,81 mmoi) of 
triethylamine . After stirring this mixture for 30 

10 minutes, a solution of methyl oxaiyi chloride (1.31 g; 

14,74 mmoi) was added dropwise . The resuicing mixture 
was scirred at 0°C for 1.5 hours, filtered chrough 
Celite to remove solids, dried and concentrated. The 
crude material was purified on a silic gel column, 

15 eiuzincr wich 10% MeCH in methylene chloride, zo cbcain 

2.0 g of the oxamace as an orange-yellow solid. 
3 -ohenvl-l -oroovl ( 2 5) -1- ( 1 , 2 -dioxo-2 -mechoxve thvl ) 2 - 
( 4 - thiazol idine ) carboxvlace 

l - (1, 2 -dioxo-2 -met hoxyethyl) 2- ( 4 - thiazoi idine) - 

20 carboxylate (500 mg; 2.25 mmoi), 3 -phenyl-i-propanol 

'^n- mg 3 42 mmol' , dicyclohexvicarbcdiinide (750 mg; 
3.6o nrnol) , 4 -dimethyiaminopyr idine (95 mg; 0.75 mmoi) 
and camphorsuifonic acid (175 mg; 0.75 mmoi) in 30 mL 
of mechylene chloride were scirred ccgecher overnight. 

25 The mixcure was filcered through Ceixte to remove 

solids and chromatographed (25% ethyl acetace/hexane) 
to obtain 690 mg of material. -Z NMR (CDCl 3 , 300 MHz) : 
51.92-2.01 (m, 2H) ; 2.61-2.69 (m, 2H) ; 3.34 (m, 1H) ; 
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4.11-4.25 (m, 2H) ; 4.73 (m, 1H) ; 5.34 (m, 1H) ; 7.12 
(m, 3K) ; 7 .23 (m, 2H) . 

3 - ghenvl-l-progvl ( 2 S) -1- (3 ,3-dimethvl-i,?~ 
dioxooentvl) -2- (4-thiazolidine) carboxvlate (i) 

A solution of 3 -phenyl -1 -propyl (25) -1- (1, 2-dioxo- 
2-methoxyethyl) 2- (4-thiazolidine) carboxylate (670 rug; 
1.98 mmol) in tetrahydrof uran (10 mU was cooled to - 
78 °C and treated wich 2.3 mL of a 1.0 M solution of 
1 , i - dime thyipropyl magna slum chloride in echer. Afcer 
stirring the mixture for 3 hours, it was poured into 
saturated ammonium chloride, extracted into ethyl 
acecatS; and the organic phase was washed with water, 
dried and concentrated. The crude macerial was 
purified on a silica gel column, elucing with 25% 
echyi ace c ace in hexane, to obcain 3 80 mg of the 
compound of Example 1 as a yellow oil. L K MMR (CDC1 3 , 
300 MHz) : d 0.36 (t, 3K) ; 1.21 (s, 3H) ; 1.26 (s, 3K) ; 
1.62-1.91 (m, 3H) ; 2.01 (m, 2H) ; 2.71 (m, 2H) ; 3.26- 
3.33 (m, 2H) ; 4.79 (m 2H) : ^.58 (ro, 1^ ; 7.19 (m, 
3H) ; 7.30 (m, 2H) . Analysis calculated for C 20 K 27 NO 4 S : 
Z a 2 .63 - H . " 21 hi , 3.71. Found : C , 64.39; H . 
7.39; N, 3.46. 

Exajjin 1 e 2 

Synthesis of 3 - ( 3 -ovridvl ) - 1 -prolyl ( 25) - 1 - ( 3 , 3 - 
dimethyl- 1, 2-dioxopentvl) - 2- ( 4 - thiasolidine) 
carboxylate ( 2 ) 

The compound of Example 2 was prepared according 



27 

to the procedure of Example 1, using 3 - (3 -pyridyl) -1- 
propanol in the final step, to yield 3 - (3 -pyridyl) -l- 
propyl (2 5) - 1 - (3,3 -dimethyl - 1 , 2 -dioxopentyl ) - 2 - ( 4 - 
thiazolidine) carboxyiate . X H NMR (CDC1 3 , 300 MHz): 5 
5 0,89 {t, 3H, J = 7.3); 1.25 (s, 3H) ; 1.28 (s, 3H) 

1.77 (q, 2H, J - 7.3); 2.03 (tt, 2K, J = 6.4, 7.5) 
2.72 <t, 2H, J = 7.5); 3.20 (dd, 1H, J = 4.0, 11.3) 
3.23 (dd, 1H, J = 7.0, 11.8); 4.23 (t, 2H, J = 6.4) 
4.55 (d, 2H, J - 3.9); 5.03 (dd, IK, J = 4.0, 7.0) 
10 7.24 (m, 1H) ; 8.48 (m, 2H) . Analysis caicuiaced for 

C, 9 H :5 N 2 0 4 S - 0.5 H 2 0: C, 53.89; H, 7.02; N, 7.23. 
Found: C, 58.83; H, 7.05; N, 7.19. 



Example 3 

15 Jn t/m/c Hair Generation Tests With C57 Black S Mice 

Experiment A: C57 black 6 mice were used to 
demonstrate the hair revitalizing properties of a low 
molecular weight, small molecule, non- immuno- 
suppressive neuroimmunophilin FK3P ligand, GPI 1046, 

20 which is related to heterocyclic esters and amides. 

Referring new to FIGS. 1 and 2 of the drav.ir.es, Cr~ 
black S mice, approximately 7 weeks old, had an area 
of about 2 inches by 2 inches on their hindquarters 
shaved to remove all existing hair. Care was taken 

25 not to nick or cause abrasion to the underlaying 

dermal layers. The animals were in anagen growth 
phase, as indicated by the pinkish color of the skin. 
Referrincr now to FIGS. 2, 3 and 4, four animals per 
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group were treated by topical administration with 20% 
propylene glycol vehicle (FIG. 2), 10 /iM GPI 1046 
(FIG. 3} or 30 fjM GPI 1046 (FIG. 4) dissolved in the 
vehicle. The animals were treated with vehicle or GPI 
1046 every 43 hours (3 applications total over the 
course of 5 days) and the hair growth was allowed to 
proceed for 6 weeks. Hair growth was quantitated by 
the percent of shaved area covered by new hair growth 
during this time period. 

FIG. 2 shows that animals treated with vehicle 
exhibited only a small amount of hair growth in 
patches or tufts, with less than 3% of the shaved area 
covered with new growth. In contrast, FIG. 3 shows 
that animals treated with 10 uM GPI 1046 exhibited 
dramatic hair growth, covering greater than 90% of the 
shaved area in ail animals. Further, FIG. 4 shows 
that mice treated with 3 0 fiM G?I 1046 exhibited 
essentially complete hair regrowth and their shaved 
axeas w-re indistinguishable from unshaven C57 black 
6 mice . 

Experiment 3: C5 7 Black 6 mice were used to 
demonstrate the hair revitalizing properties of a 
variety of low molecular weight, small molecule, 
non- immunosuppressive neuroimmunophilin FK3? ligands , 
including GPI 1572. C57 Black 6 mice, 55 to 75 days 
old, had an area of about 2 inches by 2 inches on 
their hindquarters shaved to remove all existing hair. 
Care was taken not to nick or cause abrasion to the 



underlying dermal layers. The animals were in a 
anagen growth phase when shaved. Five animals per 
group were treated by topical administration with 
vehicle, FK506, or one of the low molecular weight, 
small molecule/ non~ immunosuppressive neuro- 
immunophilin FKBP ligands (GFI 1605, 1046, 1312, 1572, 
1389, 1511, and 1234) at a concentration of one 
micromole per milliliter to the shaved area. The 
animals were treated three times per week, and hair 
growth was evaluated 14 days after initiation of 
treatment. Hair growth was quant itated by the percent 
of shaved area covered by new hair growth, as scored 
by a blinded observer, on a scale of 0 (no growth) to 
five (complete hair regrowth in shaved area) . 

Figure 5 shows that after 14 days, the animals 
treated wich vehicle exhibited the beginning of growth 
in small tufts. In contrast, animals treated with one 
of the low molecular weight, small molecule, 
non- immunosuppressive neuroimmunophilin FKBP ligands, 
including G?I 15 72, exhibited dramatic hair growth. 



Example 4 

A locicn comprising the following composition may 
be prepared. 





(%) 


95% Ethanol 


80 . 0 


a heterocyclic ester or amide as defined 
above 


10 . 0 


a -Tocopherol acetate 


0 , 01 


Ethylene oxide (40 mole) adducts of hardened 
castor oil 


0.5 


purified water 


9 .0 


perfume and dye 


q . s . 



Into 95% ethanol are added a heterocyclic ester 
or amide, a-cocophercl acetate, ethylene oxide (40 
mole) adduces of hardened caster oil, perfume and a 
dye. The resulting mixture is stirred and dissolved, 
and purified water is added to che mixture to obtain 
a transparent liquid lotion. 

5 ml of the lotion may be applied ^n^-, ^ r twice 
per day to a site having marked baldness or alopecia. 
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Exaatp 1 e 5 

A lotion comprising the following compositi 
shown may be prepared. 



5 





(%) 


35% Ethanoi 


30 . 0 


a heterocyclic ester or amide as defined 
above 


0 . 005 


Hinokicol 


0 . 01 


Echylene oxide (40 mole) adducts of hardened 
castor oil 


0.5 


Purified water 


19 , 0 


Perfume and dye 


q.s . 



15 Into 95% echanol are added a heterocyclic escer 

or amide , hinokitol, echylene oxide (4C mcla) adducts 
of hardened cascor oil, perfume, and a dye. The 
resulting mixcure is stirred, and purified wacer is 
added co the mixcure to obtain a transparent liquid 

20 lotion. 

The lotion may be applied by spr~yirg once tc 4 
times per day to a sice having marked baldness or 
a lopecia . 
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Sxamnle 6 

An emulsion may be prepared from A phase and B 
phase having the following compositions. 



(A phase) 


\ 3 ) 


Whale wax 




Ce cano 1 




Petrolatum 


5 . 0 


S qua lane 


IQ . 0 


?o lyox y ethylene (10 mole) monostearate 


2 . 0 


Sorb ican monocleace 


1 . 0 


a heterocyclic ester or amide as defined 
above 


0.01 


(B phase) 


(%) 


Glycerine 


10 . G 


Purified water 


59 . 0 


Perfume, dye, and preservative 


q . S . 



The A phase and c he B phase are respectively 
heaced and meiced and maintained at 80°c. Both phases 
are then mixed and cooled under stirring to normal 
temper-cure to obtain an emulsion. 

The emulsion may be applied by spraying once to 
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Exam-pie 7 

A cream may be prepared from A phase and 3 phase 
having the following compositions. 



c 
D 




(*) 




r iuig paraiL in 


5 . 0 




Cstostearyl alcohol 


5 . 5 




Pecro latum 


b . 5 




Glycerine monostearate 


33.0 




Po I voxve t ^vlene (20 mole) 2 -octv 1 dodecv' 
ether 


3 . 0 




Propylparaben 


0 . 3 


"si 


(B Phase) 


(%) 


US 


a heterocyclic ester or amide as defined 
above 


0 . 3 




Glycerine 


7 . 0 


Is 


DicrccyLer.e glycol 


20.0 


\ * 


Polyethylene glycol 4000 


5 . 0 




Sodium Kexamecaohosrshace 


0 . 005 


"'2 0 


| Purified water 


44 .895 



The A phase is heated and melced, and maintained 
an 70°c. The B phase is added into the A phase and the 
mixcure is stirred to cbcain an emulsion. The 
emulsion is i^en coo.ed to obtain a cream. 

The cream may be applied once co 4 times per day 
to a site having marked baldness or alopecia. 
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Example 8 

A liquid comprising the following composition may 
be prepared. 





(%) 


Folyoxyethylene butyl ether 


20 . 0 


Ethanol 


5Q . 0 


a heterocyclic ester or amide as defined ■ 
above 


0.001 


Propylene glycol 


5 .0 


Folyoxyethylene hardened cascor oil 
derivative (ethylene oxide 8 0 mole adduces) 


0.4 


Perfume 


q.s. 


Purified water 


q.s. 



15 

Into ethane! are added pclyoxypropylene butyl 
echer, propylene glycol, poiyoxyethylene hardened 
cascor oil, a heterocyclic es~ er or amide , and 
perfume. The resulting mixture is stirred, and 
20 purified water is added to the mixture to obtain a 

licuid. 

The liquid may be applied once to 4 times per day 
t^ a site havinc marked baldness cr alccec:.? 
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Example 9 

A shampoo comprising the following composition 
may be prepared. 





(%) 


G f~\ "1 f 1 TT1 ) 3 1 I "V*T J* "T c*i 1 1 "P •a ^ ^— - 

<-DCJCj.XvJ.uI IduryiSU-Li-aLc 


5 . 0 


Triechanolamine lauryl sulfate 


5 ,0 


Betaine 1 auryl clime thylaminoacet ace 


6 . 0 


Ethylene glycol discearace 


2.0 


Polyethylene glycol 


5 . 0 


a heterocyclic escer or amide as defined 
above 


5.0 


Ethanoi 


2 .0 


Perfume 


0 . 3 


Purified wacer 


69.7 



Into 59.7 of purified water are added 5,0 g of 
sodium lauryl sui face , 5.0 g of triechanolamine 
iaurylsuif ace , 6.0 g of becaine lauryidimethyl - 
aminoacetate . Then a mixture obtained by adding 5.0 
g of a heterccyc. 1 : c ester or amide, 5.C g of 
polyethylene glycol; and 2.0 g of ethylene glycol 
discearace tc 2.C g of ethancl, idle wed by s:::r::.c, 
and 0.3 g of perfume are successively added. The 
resulting mixture is heated and subsequently cooled to 
obtain a shampoo . 

The shampoo may be used on the scalp once or 
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Example 10 

A patient is suffering from alopecia senilis. A 
heterocyclic ester or amide as identified above, or a 
pharmaceutical composition comprising the same, may be 
5 administered to the patient. Increased hair growth is 

expected to occur following treatment . 

Example 11 

A patient is suffering from male pattern 
10 alopecia. A heterocyclic ester or amide as identified 

above, or a pharmaceutical composition comprising the 
same, may be administered to the patient. Increased 
hair growth is expected to occur following treatment. 

15 Example 12 

A patient is suffering from alopecia areata. A 
heterocyclic ester or amide as identified above, or a 
pharmaceutical composition comprising the same, may be 
administered to the patient. Increased b a ; r g-^wtb is 

20 expected to occur following treatment. 

Example 13 

A patient is suffering from hair loss caused by 
skin lesions. A heterocyclic ester or amide as 
25 identified above, or a pharmaceutical composition 

comprising the same, may be administered to the 
patient. Increased hair growth is expected to occur 
followinc treatment. 
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Example 14 

A patient is suffering from hair loss caused by 
tumors. A heterocyclic ester or amide as identified 
above, or a pharmaceutical composition comprising the 
same, may be administered to the patient. Increased 
hair growth is expected to occur following treatment. 

Example 15 

A patient is suffering from hair loss caused by 
a systematic disorder, such as a nutritional disorder 
or an internal secretion disorder. A heterocyclic 
ester or amide as identified above, or a 
pharmaceutical composition comprising the same, may be 
administered to the patient. Increased hair growth is 
expected to occur following treatment . 

Example 16 

A patient is suffering from hair loss caused by 
chemotherapy. A heterocyclic e^te^ -cr amide as 
identified above, or a pharmaceutical composition 
tcmcrisirg the same, may be administered to che 
oatient. Increased hair growth is expected to occur 
following treatment . 

Example 17 

A patient is suffering from hair loss caused by 
radiation. A heterocyclic ester or amide as 

identified above, or a pharmaceutical composition 
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comprising the same, may be administered to the 
patient. Increased hair growth is expected to occur 
following treatment. 

The invention being thus described, it will be 
obvious that the same may be varied in many ways . 
Such variations are not to be regarded as a departure 
from the spirit and scope of the invention and all 
such modifications are intended to be included within 
the scope of the following claims. 



